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Introduction
Air pollution poses a substantial physical and social threat to human beings. 2 As such, government agencies are often called upon to implement environmental regulations to reduce air pollution. When introducing more stringent regulations, governments need to gauge the monetary value of better air quality so as to compare it with the cost of environmental regulations (Greenstone and Jack 2014) . However, because air quality is not a standard good for sale, evaluating its value is a great challenge.
There are three major approaches to valuing air quality: the hedonic approach (Smith and Huang 1995; Chattopadhyay 1999; Chay and Greenstone 2005; Bayer and Timmins 2009; Yusuf and Resosudarmo 2009) , the contingent valuation method (CVM) (Alberini and Krupnick 1998; Kwak, Yoo and Kim 2001; Zhai and Suzuki 2008; Vasquez et al. 2009; Wang, Xie and Li 2010; Wang et al. 2013) , and the happiness approach.
Each method is associated with its own advantages and disadvantages. The hedonic approach infers the value of air quality from the differences in property values across regions with varying air quality after controlling for many observable factors.
The main problem with this approach is location sorting: those who are more concerned about air pollution may move into less polluted areas in the first place, rendering the locational choice endogenous and causing biased estimates on the value of air quality.
The CVM directly surveys people regarding their willingness to pay for better air quality. However, this approach is subject to strategic responses, the ways of questions being framed, and the initial hypothetical monetary value adopted to start the survey.
Consequently, estimates based on CVM often yield a wide range of willingness to pay for better air quality. For example, in China, the estimates of willingness to pay for smog mitigation range from ¥428 (Wang et al. 2015) to as large as ¥1,590 per year (Sun, Yuan and Yao 2016).
The happiness approach computes willingness to pay based on average marginal rate of substitution between air pollution and annual income, holding happiness constant in regressions of happiness (stated well-being) on air quality. Since this approach relies on surveys evaluating peoples' stated well-being and does not directly ask about their valuations on public goods per se, strategic responses are largely avoided.
In addition, this approach, often based on large representative surveys, can be used to assess heterogeneities in valuations across different subgroups. 3 There is a burgeoning body of studies valuing air quality based on the happiness approach. However, most studies rely on aggregated air quality data spanning a rather long period, such as one year (Welsch 2006; Luechinger 2009 Luechinger , 2010 Menz and Welsch 2010; Menz 2011; Chen and Shi 2013; Ambrey 2014) . Consequently, the aggregated long-term air pollution used in analyses may not reflect the actual exposure at the time of interview faced by survey subjects, resulting in measurement errors.
Moreover, the literature primarily uses life satisfaction as a measure of happiness (Welsch 2006; MacKerron and Mourato, 2009; Luechinger 2009 Luechinger , 2010 Menz and Welsch 2010; Menz 2011; Ferreira 2013; Ambrey 2014) . Life satisfaction, an evaluative happiness measure, reflects one's overall assessment of life. Habituation to the environment may render reported life satisfaction a poor indicator of changes in welfare.
In contrast, hedonic happiness refers to moment-to-moment experienced utility, which has a more direct link to immediate emotions and affection (Levinson 2012; Chen and Shi 2013; Deaton and Stone 2013) . As noted in Zhang, Zhang and Chen (2015) , the level of short-term air pollution is negatively associated with hedonic happiness, while it has little to do with life satisfaction.
Furthermore, most existing studies focus only on a single air pollutant. In this study, we simultaneously estimate the willingness to pay for several major air pollutants, including but not limited to particulate matter with a diameter smaller than 2.5 micrometers (PM2.5). Because nationwide PM2.5 monitoring data was not released in China until 2014, our study is among the first to assess the monetary value of reducing PM2.5 in China. Previous studies have shown that finer particulate matter, such as PM2.5, tends to be more detrimental to health than larger particulates, such as those with a diameter smaller than 10 micrometers (PM10). PM10 is usually trapped in the upper airways and can be cleared by mucociliary mechanisms. However, due to its miniature size, PM2.5 can penetrate lungs at the alveolar level, translocate directly through the alveolar capillaries into the circulatory system, and leave toxic substances in the blood, causing cumulative damage to the body (Stanek et al. 2011 ). Exposure to PM2.5 may affect human capital formation in the long run (Lavy et al. 2014b ).
Air pollution is generally worse in developing countries than developed countries Greenstone and Hanna 2014; Tanaka 2015) . For example, almost half of the Chinese population is exposed to PM2.5 at a level beyond the highest hazard threshold in the United States. Recently, the choking smog has galvanized public opinion in China, calling for more stringent environment regulations (The Economist 2015) . Given that air pollution is ubiquitous in developing countries, the study on China may shed some light for other developing countries as well.
We merge a nationally representative survey -the China Family Panel Studies (CFPS) -with newly released daily air quality data that contain rich information on six main pollutants and weather conditions at the time and location of each interview. The well-matched air quality measure precisely captures environmental amenities that interviewees were exposed to. Because day-to-day fluctuations of air quality in a given location have little to do with the characteristics of individual respondents, air pollution exposures are literally random to survey subjects. This is a key assumption used in our empirical identification strategy.
We find that the concentration of particulate matter is negatively associated with people's hedonic happiness. People on average are willing to pay ¥539 ($88, or 3.8% of annual household per capita income) for a 1 μg/m 3 reduction in PM2.5 per year per person. 4 In other words, a one SD decline in PM2.5 raises an average person's happiness by an amount worth ¥49 ($8) per day. Our estimates are robust and consistent with comparable studies and may provide the first estimate for PM2.5 in China.
The rest of the paper is organized as follows. Section 2 describes the data. Section 3 lays out the empirical strategy. Section 4 presents our main findings, including robustness checks and heterogeneous tests. Finally, section 5 concludes.
Data
For happiness measures, we rely on the China Family Panel Studies (CFPS), a nationally representative survey of Chinese communities, families, and individuals. The CFPS is funded by Peking University and carried out by the Institute of Social Science Survey of Peking University. Respondents in the third wave of the CFPS survey conducted in year 2014 were asked to report the extent to which they felt it was difficult to be cheered up in the past month, ranging from 0 (almost every day) to 4 (never). The answer to this question forms the basis for the dependent variable. The higher the number, the happier the respondents were. In addition to happiness measures, the CFPS survey collects rich information at multiple levels, allowing us to control for a wide range of covariates. Moreover, the CFPS contains information about geographic locations and dates of interviews for all respondents, which enables us to precisely match individual happiness measures in the survey to local air quality data.
The air pollution measures come from the daily air quality report published by the Ministry of Environmental Protection of China (MEP). The report, which was not released until 2014, covers 947 monitoring stations including longitude and altitude information for each station. Six pollutants, including PM2.5, PM10, carbon monoxide (CO), nitrogen dioxide (NO2), daily maximum ozone (O3) and sulfur dioxide (SO2), are used in our analysis. Figure A1 and Figure A2 indicate that PM2.5 is highly concentrated and is a dominant source of air pollution on most days in China.
We also include rich weather data in our analysis to help isolate the impact of air 4 ¥539 corresponds to $87.74 using the average 2014 exchange rate 1 USD = 6.1434 CNY. pollution from other weather patterns. The weather data come from the National Climatic Data Center under the US National Oceanic and Atmospheric Administration.
The dataset contains consecutive daily records of rich weather conditions from 402 monitoring stations in China, such as temperature, precipitation, wind speed, and an indicator for bad weather. 5 Sunshine duration data is obtained from the 194 monitoring stations of China National Meteorological Information Center. Sunshine may affect individuals' moods, social behavior, and health (Cunningham 1979; Wolfson 2013) .
To merge the survey data with the air pollution readings, we calculate the weighted average values of all the monitoring stations within 60 km to the centroids of each CFPS county, where the weights are equal to the inverse of distance between stations and the county centroids. In the absence of stations within this radius, we obtain air quality from the nearest station within 100 kilometers. Weather controls are matched in the same way. 6 The binary indicator for bad weather and the sunshine duration are obtained from the nearest monitoring station. Figure 1 shows the matching of CFPS counties with air quality monitoring stations.
[Insert Figure 1 ]
The 2014 wave of CFPS has 31,665 observations, of which 22,896 could be matched to air quality and weather data within 100 kilometers. 7 Due to some missing values for hedonic happiness and household demographics, the final dataset for analyses includes 21,589 observations.
Empirical Strategy
Our baseline econometric specification is as follows:
The dependent variable Hijt is the self-reported hedonic happiness of respondent i in county j at date t. The key variable Pjt is the air pollution in county j at date t. lnYijt is the log form of household per capita income. We control for a set of demographic correlates of happiness Xijt, including age and its squared term, gender, marital status, years of education, unemployment status, party membership, and health status (Oswald 1997; Knight, Song, and Gunatilaka 2009; Easterlin et al. 2012) . We also control for a vector of rich weather conditions Wjt, involving sunshine duration, mean temperature and its squared term, total precipitation, mean wind speed, and a dummy for bad weather on the day of interview, to mitigate the concern that they are correlated with both hedonic happiness and air quality and therefore might bias our estimations. δj represents county fixed effect; ηt indicates month and day-of-week fixed effects. εijt is the error term. Standard errors are clustered at the county level. Table 1 describes key variables and their summary statistics.
[Insert Table 1] By totally differentiating equation (1) , to assess a money metric value of air quality. This value is also known as "willingness to pay" (WTP), which represents the amount of annual income that people, on average, are willing to pay for a one-unit improvement in daily air pollution. Figure A3 shows the distribution of interview dates for the CFPS 2014 national sample, which spans from July to December. Most surveys were conducted in July and August, as these two months largely overlapped with summer breaks during which many college students were hired as numerators for the CFPS. Our identification relies on variations in exposures to air pollution across similar respondents living in the same county in the same year. Since surveys lasted more than four months in most counties, there is substantial within-county variation of air quality in the survey period. [Insert Table 2] Column (2) identifies the impact of particulate matter with a diameter between 2.5 and 10 micrometers (PM2.5-10). Unlike the coefficient for PM2.5, the coefficient for PM2.5-10 is insignificant and the calculated WTP is quite small. The different estimates between PM2.5 and PM2.5-10 suggest that people are much more willing to pay for a reduction in finer particulates (PM2.5) compared to coarse particulates (PM2.5-10).
Results
Considering that the WTP literature in China has largely focused on coarse particulates, this finding highlights the importance of giving special attention to finer particulates.
Column ( Although people in the U.S. on average seem to be willing to pay a much higher amount in absolute terms, Chinese residents are more willing to pay a larger share of their income for air pollution mitigation than their U.S. counterparts.
Column (4) presents results for CO. The coefficient on CO is statistically insignificant. The corresponding WTP is only ¥5 for a one SD reduction per day, much less than the WTP for reduction in PM2.5. The difference may stem from the fact that CO is odorless, colorless and therefore less noticeable. Besides, CO only becomes a dominant source of air pollution for two percent of days throughout the year ( Figure   A2 ).
Similarly, the coefficient on NO2 presented in Column (5) Column (6) estimates WTP for ozone. Though the coefficient on ozone is still statistically insignificant, the magnitude of WTP amounts to ¥42 for a one SD reduction per day. Ozone is a dominant source of air pollution for more than 10 percent of days each year ( Figure A2 ), but in general the concentration level only causes discomfort among vulnerable populations, such as those with lung diseases. 11
The last column reports results for SO2. Several papers examine the effects of annual average SO2 on life satisfaction. For example, the average marginal WTP estimated in Luechinger (2010) is $312 (1.1% of annual income) for a 1 μg/m 3 reduction 9 $891 corresponds to ¥5,474. 10 The Clean Air Act identifies two types of national ambient air quality standards. Primary standards provide public health protection, including protecting the health of "sensitive" populations such as asthmatics, children, and the elderly. Secondary standards provide public welfare protection, including protection against decreased visibility and damage to animals, crops, vegetation, and buildings. 11 Source: https://www3.epa.gov/airnow/aqi-technical-assistance-document-dec2013.pdf.
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in SO2 per year. 12 In our case, the coefficient on SO2 is statistically insignificant and the corresponding estimated WTP is ¥664 (4.6% of annual income) for a 1 μg/m 3 reduction in pollution per year.
Robustness Checks
In this section, we perform a set of regressions to check the robustness of our main results. We focus on PM2.5 because it is associated with more detrimental effects on health and greater public awareness. Table 3 presents alternative specifications. Column
(1) replicates the baseline results in Column (1) of Table 2 for ease of comparison.
Column (2) adds a control variable, the PM2.5 level on the day prior to the interview date, to account for the lagged effect of pollution. After its inclusion, the negative effect of contemporaneous PM2.5 amplifies, yielding higher WTP for PM2.5 reduction.
[Insert Table 3] Daily PM2.5 on the date of interview may reflect longer-term pollution in a location. To mitigate this concern, column (3) adds average local PM2.5 over the month when the survey was conducted to control for the cumulative effects of air pollution.
The coefficient for monthly PM2.5 level is negative and insignificant, while daily PM2.5 remains significant and is of similar size. The estimate of WTP for a one SD reduction in PM2.5 per day slightly declines from ¥49 to ¥48.
Column (4) estimates equation (1) using an ordered probit model. The coefficient on PM2.5 remains negative and significant. The calculated WTP for a one SD change in PM2.5 per day is slightly higher at ¥58. 13 Column (5) uses the log form of PM2.5 instead of the linear form of PM2.5 in the specification. Again, there is no substantial change in the measured WTP. 14 Overall, our baseline results are robust to several specifications.
Another potential estimation issue is that the concentrations of various pollutants 12 $312 is approximately ¥1,917. 13 In the ordered probit model, the WTP is solved from the average marginal rate of substitution between pollution and income, keeping the latent variable constant. 14 other pollutants. To address this concern, we run the baseline result for PM2.5 by including daily measures of PM2.5-10, CO, NO2, ozone and SO2, respectively, as control variables. Table 4 reports the results. As shown in the table, the coefficients on PM2.5 and income remain essentially the same, while the additional pollutant is statistically insignificant, consistent with our baseline results in Table 2 . Based on the coefficients for PM2.5 and income in the table, WTPs for a one SD change in PM2.5
per day remain within a reasonable range between ¥43 and ¥56.
[Insert Table 4] In summary, the robustness tests in Table 3 and Table 4 provide us with a narrow range of WTPs between ¥43 and ¥61 associated with a one SD reduction in PM2.5 per day.
Heterogeneous Effects
This section examines the heterogeneous effect of air pollution on happiness and gauges WTPs across subgroups of population. First, responses to air quality may vary by education level. For example, lower education may restrict an individual's ability to acquire and digest information about air quality (Levinson 2012; Greenstone and Hanna 2014; Li, Folmer and Xue 2014) . As revealed in Panel A of Table 5 , more educated people are indeed willing to pay more for PM2.5 mitigation than less educated people.
[Insert Table A1 presents the correlations between the pollutants. 16 The question for environmental issues is framed as "How severe do you think the environmental problem is in China?" The answer ranges from 0 (not severe at all) to 10 (very severe). To mitigate the concern that some respondents may overstate or understate their general attitudes toward social issues, we calculate a normalized attitude score toward pollution by dividing the pollution assessment score by the average ratings of all eight questions. We divide our sample into two groups by the median of the normalized score. the sample up by attitudes toward pollution. As shown in the panel, people who are critical about environmental issues are willing to pay more money for reducing PM2.5.
Further, we examine the differential impact on outdoor and indoor workers. While those working outdoors are exposed to more ambient air pollution, recent studies show that finer particulates can penetrate into a building and lead to a decline in indoor workers' productivity (Chang et al. 2014; Li, Liu, and Salvo 2015) . Panel C of Table 5 lists the estimates on outdoor and indoor workers separately. Perhaps because people who work indoors often earn much higher income than those who work outdoors, they are also willing to pay more for improved air quality. However, outdoor workers are willing to pay a slightly higher share of income.
Lastly, families with small children are expected to be more concerned about bad air quality. We divide the sample according to whether or not a family has a child younger than age six. As revealed in in Panel D of Table 5 , families with young children are indeed willing to pay more for reduction in air pollution in both absolute amounts and in proportion to their incomes.
Conclusion
Matching hedonic happiness in CFPS, a nationally representative survey, with daily air quality data according to the exact dates and places of the interviews, this paper uses a happiness approach to estimate the monetary value of air quality. We find that the concentration of particulate matter has a significant negative effect on hedonic happiness. On average, people are willing to pay ¥539 ($88, or 3.8% of annual household per capita income) for a 1 μg/m 3 reduction in PM2.5 per year per person.
Our estimates are robust and consistent with comparable studies and may provide the first estimate for PM2.5 in China.
The population-weighted annual mean concentration of PM2.5 over 2014 in China is 68 μg/m 3 , much larger than the primary and secondary standards in the NAAQS published by the EPA. 17 By reducing the annual mean PM2.5 to levels below the secondary standard, an average person's happiness will increase by an amount equal to ¥28,567 (US$4,651) per year, which is as high as 61.3 percent of GDP per capita in 2014.
Our results have important policy implications. China's 13th Five-Year Plan (2016-2020) strives for major progress in reducing air pollution. Specifically, the plan states that air quality of cities at and above the prefectural level must be good or excellent for 80 percent of days each year. 18 The optimal environmental regulations depend on the tradeoffs between their benefits and costs. Our valuations of air quality provide useful information on the benefits of tightening environment regulations.
primary and secondary standards of annual mean PM2.5 are 12 μg/m 3 and 15μg/m 3 , respectively. 18 Source: http://language.chinadaily.com.cn/2016-03/18/content_23944369_2.htm. 14, 313.90 14, 313.90 14, 313.90 14, 313.90 14, 313.90 14, 313.90 14, 313.90 Std. Dev. of 14, 313.90 14, 313.90 14, 313.90 14, 313.90 14, 313.90 Std. Dev. of PM2.5 14, 313.90 14, 313.90 14, 313.90 14, 313.90 14, 313.90 14, 313.90 Std. Dev. of Table 2 . Robust standard errors, clustered at the county level, are presented in parentheses. *10% significance level. **5% significance level. ***1% significance level. The WTP calculations in columns (2) through (6) are based on the coefficients on PM2.5 and household per capita income. 19, 297.85 10, 595.18 13, 285.85 14, 617.96 Std. Dev. of PM2.5 Note: CO = carbon monoxide. NO2 = nitrogen dioxide. O3 = ozone. PM2.5 = particulate matter with a diameter smaller than 2.5 micrometers. PM10 = particulate matter with a diameter smaller than 10 micrometers. SO2 = sulfur dioxide. 0.395 0.366 0.333 0.467 0.067 1.000 Note: CO = carbon monoxide. NO2 = nitrogen dioxide. O3 = ozone. PM2.5 = particulate matter with a diameter smaller than 2.5 micrometers. PM2.5-10 = particulate matter with a diameter larger than 2.5 micrometers and smaller than 10 micrometers. SO2 = sulfur dioxide.
